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Purpose: To evaluate a semi-automated paired cartilage seg-
mentation algorithm for the assessment of cartilage volume,
surface area and thickness.
Methods: Unilateral knee MR images of 12 subjects (6 healthy, 6
with clinical osteoarthritis (OA) of the knee) from an Osteoarthri-
tis Initiative (OAI) pilot study were obtained. Each subject was
imaged twice to permit measurement of repositioning repro-
ducibility. 3D DESS (sagittal, 0.365mm x 0.365mm, 0.7mm slice
thickness, TR 16.5msec, TE 4.7msec) images were obtained
on a 3 Tesla Siemens Trio with a USA Instruments quadrature
transmit-receive extremity coil.
In the first segmentation session we evaluated each acquisition
and measured cartilage morphometry independent of any prior
information. In the second round, image pairs were viewed con-
currently in two adjacent windows. After manual registration of
the segmented contours, the first segmentation results served as
the Quality Control of the second segmentation. Cartilage edge
identification was accomplished by an automated software al-
gorithm based on predetermined greyscale differences between
the surrounding soft tissue and bone.
We evaluated cartilage morphometry measures of the bone
and cartilage surface area (SA), cartilage volume and thickness
for medial/lateral tibia, total femur and patella. The root-mean
square coefficient of variation (RMS CV) was used as a metric
to quantify the test-retest reproducibility.
Results: For the paired analyses RMS CV ranged from 0.9% to
1.2% for volume, from 0.3% to 0.7% for cartilage SA, from 0.6%
to 2.7% for the bone SA and 0.8% to 1.5% for thickness (Table 1).
Table 1. Paired reproducibility (RMS CV)
Medial Tibia Lateral Tibia Patella Femur
Vol. 1.2% 0.9% 1.2% 1.0%
Cart SA 0.7% 0.5% 0.6% 0.3%
Bone SA 2.7% 1.5% 1.0% 0.6%
Thickness 1.5% 0.8% 1.2% 0.9%
Conclusions: The use of paired image analysis is shown to
improve the measurement precision. Our results support the use
of paired analysis for longitudinal studies of knee osteoarthritis.
NIAMS funded this work in part (contracts N01-AR-2-2261, N01-
AR-2-2262 and N01-AR-2-2258) Support for this project was
also provided by a contract with the NIAMS intramural program
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Purpose: In osteoarthritis the cartilage of joints is damaged,
but also bone changes take place such as the formation of
osteophytes and thickening of the subchondral bone plate. The
dynamics of these bone changes are as yet unclear. Using in vivo
micro-computed tomography (micro-CT) it is possible to follow
bone remodeling over time in 3D and we applied this technique
to study changes in the thickness of the subchondral bone plate
after induction of osteoarthritis in mice.
Methods: Following the approval of the animal ethics committee,
we used male C57Bl/6 mice, aged 16 weeks. To induce os-
teoarthritis, 10U of highly purified bacterial collagenase (Sigma,
St Louis, MO) was injected into the right knee intra-articular
space, whereas the contra lateral left knee served as a control
and was injected with saline. We monitored changes in thickness
of the subchondral bone plate of the tibia over a time period
of 14 weeks in a group of mice (n=8) that were scanned in an
in vivo micro-CT scanner (Skyscan 1076, Skyscan, Belgium) at
0, 2, 4, 6, 10 and 14 weeks after induction of osteoarthritis.
Other groups of mice were used for histological analysis. The
first scan results as presented here represent timepoints 0, 4
and 14 weeks. After scanning and segmentation of the grey
scale images the thickness of the subchondral bone plate in the
epiphysis of the tibia was calculated using the software package
3D-Calc. MIRIT software was used to align consecutive scans
within one animal. Mice in the histology groups were euthanized
at the indicated time points and knee joints were formalin-fixed,
embedded in methyl methacrylate and sectioned. TRAP staining
was performed to visualize osteoclastic activity.
Results: Consecutive scans were aligned to visualize the bone
changes within one animal in a quantitative manner. Subchondral
bone thickening below the calcified cartilage layer and osteophyte
formation were observed in the collagenase-injected joints. In
the contra lateral saline-injected control joints these processes
were not observed (figure 1). Quantitative analysis showed that
the subchondral bone plate became thinner 4 weeks after the
collagenase injection both at the medial and lateral side of the
tibial plateau, but after 14 weeks a remarkable recovery was
observed and thickness increased again. Histological sections
at T=4 weeks after collagenase injection were analyzed for the
presence of osteoclasts to see whether this corroborated the
observed initial thinning. A marked invasion of osteoclasts was
observed directly underneath the subchondral bone plate in
collagenase-injected joints.
Fig. 1. Aligned in vivo micro-CT scans of consecutive time points from saline
and collagenase-injected knee joints within one animal. Arrowhead: osteophyte,
white arrow: subchondral bone plate thickening, grey arrows: ectopic calcifica-
tions.
Conclusions: We used in vivo micro-computed tomography to
monitor subchondral bone plate remodeling in osteoarthritic knee
joints of mice. After osteoarthritis induction, initial thinning caused
by increased resorptive activity was followed by subsequent thick-
ening lateron. The cause for the increased bone formation rate is
as yet unknown, current analysis of the other timepoints should
give more information about where the switch from osteoclastic
resorption to bone apposition took place.
S146 Poster Presentations
These data indicate that changes in thickness of the subchon-
dral bone plate in post-traumatic osteoarthritis as modeled here
develop in a biphasic manner, with initial thinning followed by
subsequent thickening.
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Purpose: To explore the relationship between the radiographic
measurement of joint space width (JSW) with the MRI measure-
ment of cartilage thickness and volume in the medial femorotibial
compartment (FTC) of normal and osteoarthritic (OA) knees.
Methods: 165 subjects from the Genetics, Artrosis and Pro-
gression study (GARP), with symptomatic familial OA at multiple
joint sites, were followed for 2 years. Fixed-Flexion radiographs
and 1.5 Tesla Magnetic Resonance (MR) images of the same
knee were acquired at baseline and 2 years later. The Kellgren
Lawrence grades (KLG) were determined by two experienced
readers conservatively in consensus. 52 normal knees (KLG 0)
and 113 knees with signs of radiographic OA (43 = KLG 1, 23
= KLG 2, 47 = KLG 3) were observed. Quantitative minimum
Joint Space Width (JSW) of the medial femoro-tibial joint was
measured with a computerized program (Holy’s, Lyon, France).
Quantitative measurements of cartilage thickness (CT) and vol-
ume (CV) of the weight-bearing regions of both the medial
femoral condyle and medial tibial plateau were assessed on MR
images using a proprietary computerized system (VirtualScopics
Inc, Rochester, NY). For each subject, measurements from both
the medial femoral condyle and medial tibial plateau compart-
ments were combined to provide medial FTC measurements of
the CT and CV.
Results: Baseline JSW and CT were smaller in knees with KLG 3
than in knees with KLG<3 (p<0.0001 and p=0.04, respectively).
CV was not significantly different between KLG (p=0.29). Base-
line JSW was correlated well with CT and CV (R=0.68, p<0.0001
and R=0.55, p<0.0001, respectively). In normal knees, the mean
(SD) change from baseline in JSW, CT and CV was 0.04 ± 0.45
mm (NS), 0.06 ± 0.11 mm (NS) and 41 ± 110 mm3 (p<0.02),
respectively. In OA knees (defined as KL>1) the mean (SD)
change from baseline in JSW, CT and CV was 0.21 ± 0.49 mm
(p<0.002), 0.09 ± 0.19 mm (p<0.0002) and 120 ± 179 mm3
(p<0.0001). JSW loss appeared to be better correlated with CV
loss (R = 0.49, p<0.0001) than with CT loss (R = 0.34, p<0.01).
The standardized response means for loss in JSW, CT and CV
were 0.42, 0.47 and 0.67, respectively.
Conclusions: Radiographic measurement of JSW was well cor-
related with MRI measurement of cartilage thickness and volume.
CV showed a better sensitivity to change in OA knees than JSW
and CT at 2 years.
P270
PROGRESSION OF KNEE OSTEOARTHRITIS (OA)
MEASURED BY MRI IMAGING OF CARTILAGE LESIONS
IN A COHORT OF PATIENTS IMAGED BEFORE AND 3
YEARS FOLLOWING ARTHROSCOPY
J. Praestgaard1, T. Woodworth2, G. Neumann3, R. Mikulinsky3,
M. Brem4, H. Yoshioka3, L. Krajkovich1, I. Wu3, J.N. Katz3,
E. Losina3, A. Fossel3, P. Lang3
1Novartis Pharma A/G, East Hanover, NJ, 2Roche, London,
United Kingdom, 3Brigham and Women’s Hospital, Boston, MA,
4Friedrich-Alexander University, Erlangen-Nuremberg, Germany
Purpose: Several studies have demonstrated that patients who
undergo partial or total meniscectomy, and in whom OA is de-
tected, have a high likelihood of progressive radiographically
documented cartilage loss over subsequent years. We hypoth-
esized that at 3 years post arthroscopy (PA) patients who had
partial meniscectomy (PM) would have cartilage loss that could
be detected by semi-quantitative scoring of MRI images.
Methods: Patients who had arthoscopic PM performed in 2002
were invited to undergo repeat MRI at 3.0T, to be compared
with their preoperative 1.5T MRI, and then to undergo 2 addi-
tional 3.0T MRIs 6 and 12 months later, to evaluate progression
of cartilage loss. Cartilage lesions were graded according to
change in size and depth. The scoring method rates each of 17
anatomical compartments on a scale from 0 (normal) to 6 (full
thickness cartilage loss). In each of 20 subjects and 17 regions,
we dichotomized the data, recording whether or not the score
worsened from surgery to first visit. We analyzed these data by
an item response (Rasch) model with main effects for subject
and region.
Results: There were 9 men (mean age 60.4, range (48.9,71.3))
years, and 11 women (mean age 63.5 range (49.5,79.6,) years
in this cohort. Mean BMI was 28.5, range (20.2, 38.4). The
mean time between pre-arthroscopy 1.5T MRI and baseline 3.0T
MRI ranged from two to three years. Pre-arthroscopy cartilage
lesion scores had median 0 (range 0-6) while baseline 3.0T
scores had median 4 (range (0-6). Mean baseline CTX-II was
337.9, range (81.9,760.7) ng/(mmol Creat). The incidence rate
pooled across compartments for cartilage loss between Pre-
arthroscopy and baseline 3.0T visit was 39% (95% confidence
interval [33%,44%]). We noted the number of compartments in
which a subject had a worsened score (median 5, range (0-10)
compartments). We found a significant positive association be-
tween this measure and the subject’s BMI at first study visit. (re-
gression slope 0.32, unit: (no of compartments)/(BMI), se=0.12,
p=0.02). There was also a positive association between num-
ber of MRI compartments showing cartilage loss and baseline
levels of urinary CTX-II (regression slope 5.45, unit: ng/(mmol
Creat)/(no of compartments), se 33.0), although significance was
not achieved with the limited number of subjects scored to date.
Conclusions: This pilot evaluation provides initial evidence that
scoring of cartilage lesions in knee OA can detect loss of joint
structure in a 3 year observation period. 3.0T MRI may provide
more sensitivity to detect change in cartilage. The correlation of
MRI cartilage loss with BMI and elevated CTX-II is consistent
with previous studies of other knee OA cohorts at high risk
of progressive cartilage loss and provides further validation of
this method for detecting progression. This approach may be
useful for assessing the efficacy of treatments that are potentially
cartilage preserving.
